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ABSTRACT - Using a biplate substrate sampler, aquatic macro-invertebrates were collected during
the fall, winter and spring seasons at the confluence of the Mississippi and Chippewa Rivers along
the Minnesota-Wisconsin border. The substrate sampler proved very desirable in pointing out extreme community variations which existed between the two rivers. It was found that the members of
a downstream community were a blend of the communities present in upstream tributaries. However, as compared with upstream communities, a shift in dominant organisms occurred. Striking
seasonal changes appeared in the invertebrate populations as well as the environment of the rivers.
All sampling revealed "clean water" communities were present and suggested the absence of
aquatic pollution .

A detailed study was begun in the fall of 1964 fiftyfour miles southeast of Saint Paul Minnesota at the foot
of Lake Pepin where the Mississippi and Chippewa Rivers merge. The purpose of the study was twofold. First,
it was of interest to know how the Mississippi River and
one of its tributaries, the Chippewa River, differ biologically and environmentally. A comparison of certain
aquatic organisms, sampled above the point of confluence, might show biotic variation resulting from environmental differences. Aquatic macro-invertebrate populations were used because : (1) they are usually more
abundant and more easily caught than aquatic vertebrate
organisms ; (2) they have a longer life cycle in a fixed
position then plankton and thus are better able to portray the past ecological conditions of a given area ; ( 3)
the presence or absence of specific populations of macroinvertebrates together with other environmental factors
serves as an index of the polluted conditions of the
stream (Gaufin and Tarzwell, 1952). It was known from
previous study that the water of the Chippewa River
is considerablly different from that of the Mississippi
as measured by methyl orange alkalinity. The former is
only about one-half as "hard" as the latter. It was
thought there may also be other differences between the
streams.
Second, it was of interest to discover to what extent
this aquatic area had been polluted. Studies conducted
by Rademacher ( 1964) and Fremling ( 1964) state that
biotic communities in the Mississippi River upstream
from this area had been " upset" by pollution. A pollu1 This study was submitted in detailed form
to St. Mary's
College as a Masters thesis.
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tion report by Schraufnagel, Montie, Lueschow and
Glasshof ( 1964) revealed, through chemical and biological analyses, that polluted conditions also existed in
many areas of the lower Chippewa River and its tributaries.
The macro-invertebrates were sampled with a biplate
substrate sampler constructed of styrofoam. This type
of sampler, which was low in cost and easy to construct,
was used in an effort to discover its value for invertebrate community analysis. Dendy (1963) and Schraufnagel et al. ( 1964), used a similar substrate sampler to
obtain aquatic organisms in areas where little natural
substrate was available. Brewer (1964), using a substrate sampler of this type, found it seemed to provide
a more represcntive sample of the invertebrates in a
stream then did a Peterson dredge.
Methods and Procedures

Three sampling stations were established at the confluence of the Mississippi and Chippewa Rivers (Fig. 1).
One was located in the Mississippi River at the foot of
Lake Pepin one mile upstream from the point at which
the two rivers merge (Pepin sampling station). A second
station was established in the Chippewa River one mile
upstream from its mouth ( Chippewa sampling station).
A third station was located in the Mississippi three miles
below the confluence (Mississippi sampling station). The
areas were selected on the basis of similarity of bottom
type, current and orientation to the shoreline. Samples
were taken over a sand bottom in water three to six feet
deep. Sampling was done over a three week period in the
fall (October 11-November 3, 1964), winter (February
7-28, 1965) and spring (June 6-26, 1965).
Aquatic macro-invertebrates were coHected using a
biplate substrate sampler. Each substrate sampler was
composed of two rough textured styrofoam plates ( 4" x
4" x ½") separated by a small plywood divider ( l" x
1" x ¼ ") with a one-quarter inch hole in the center. A
two inch brass paper fastener forced through the center
of the sandwich-like sampler held the plates securely. A
seven inch copper wire inserted through the styrofoam
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about an inch from one corner prevented the plates from
rotating and provided a point of attachment when suspending the samplers in the water.
~
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FIGURE 2. The group of substrate samplers used at all sampling
stations during the spring and fall seasons.
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At each station two sets of samplers were used. One
set was arranged outward from the shoreline on one side
of the river and a similar arrangement extended out from
the other shore directly across the river. Seven substrate
samplers comprised one set (Fig. 2). Three samplers
were suspended vertically beneath the water at eighteen
inch intervals. The uppermost sampler was submerged
about one foot below the surface. The nylon cord to
which they were suspended was secured to a can filled
with concrete. During construction a coat hanger was
placed in the concrete and was bent so a styrofoam
sampler could be attached to it and placed directly on
the river bottom. Three additional samplers were evenly
spaced along another nylon cord joining the submerged
can to an object on the shore. Several weighted cans
were attached to this cord keeping the styrofoam samplers about two feet from the bottom. A thin polyethylene bag filled with distilled water and marbles was also
attached by a nylon cord to the can filled with concrete.
This device, lying on the bottom, was used to accurately
measure the oxygen concentration at the bottom-water
interface. Fremling and Evans ( 1963) demonstrated that
in forty-eight hours oxygen is able to diffuse through a
thin polyethylene membrane making the oxygen concentration in the bag equal to that of the surrounding water.
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FIGURE 3. The group of substrate samplers arranged at the Pepin
and Mississippi sampling stations during the winter.

The above sampling arrangement was used at all stations during the fall and spring seasons. During the winter it was not feasible, because of the ice cover, to extend a nylon cord from the can filled with concrete to
the shore. For this reason samplers arranged vertically
were lowered through holes in the ice, as was the case in
the Chippewa River, or submerged in open water, like
that of the Mississippi, and marked with a buoy (Fig.
3).

After a three week period the samplers were carefully
lifted from the water and each was removed from the
nylon cord and placed in a plastic bag to which five percent formalin was added. Each plastic bag was coded for
the proper sampler. In the laboratory the organisms from
each sampler were identified and enumerated separately.
All of the macro-invertebrates taken were keyed to
genus using Pennack (1963), Burks (1963), Ross
( 1944) or Usinger ( 1956). All of the midges found were
identified by Dr. Larerne L. Curry of Central Michigan
University at Mount Pleasant.
During each sampling period measurements of methyl
orange alkalinity, pH, disolved oxygen, temperature, current velocity and turbidity were taken in order to better
understand the environmental conditions under which
the organisms were living.
Results

Analysis of individual samplers from each of the sets
within each station showed no pattern of distribution of
genera that could be correlated with an environmental
variable such as depth, proximity to the bottom, or distance from shore. A comparison of sets from either side
of the stream at each station showed the percentage
composition of the communities, contributed by each
kind of organism, to be very similar. As a consequence,
the enumeration of data for all samplers were composited for each station at each time of sampling.
Figure 4 illustrates the most numerous organisms per
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4. The dominant organisms as percentages of the total
number per square foot of sampling area at the three sampling
stations during the fall and spring (1965).
FIGURE

square foot of sampling area collected at the three
sampling stations during the fall and spring seasons. All
of the samples placed in the Mississippi River during the
winter season were lost. It is apparent that the most
numerous or dominant organisms (Kendeigh, 1961) differ greatly between stations during any one season. In all
cases the greatest variation in the types of organisms occurred between the Pepin and Chippewa sampling stations. During the fall season Hydra, the caddis fly Agraylea and the common scud Gammarus were most dominant at the Pepin sampling station. Cheumatopsyche and
Hydropsyche, two closely related caddis flies, appeared
as dominants at the Chippewa station during this season.
At the Mississippi station during the fall Hydropsyche,
Hydra and Gammarus were most numerous. These invertebrates represented a blending of the dominant organisms at the two upstream stations. Although the dominant organisms were different the same trend held true
in the spring. The snail Physia and the midge Tendipes
were dominant at the Pepin station during the spring
while the midge Cricotopus and Agraylea, the caddis fly
were quite noticeable. The dominant organisms representing the Chippewa station at this time include Cheumatopsyche along with the black fly Simulium and the
midges Hydrobaenus and Cricotopus. The spring season
at the Mississippi station revealed some of the most
prevalent invertebrates to be Cheumatopsyche and Cricotopus. These same two organisms were dominant at the
Chippewa station during this same time period. Cricotopus, Tendipes and Agraylea, numerous at the Mississippi station, also occurred in sizable numbers at the
Pepin station. Every downstream dominant organism,
collected at the Mississippi sampling station, can be
The Minnesota Academy of Science

traced to either the Mississippi or Chippewa River above
the point of confluence.
It should be emphasized that there was extreme community variation between seasons at each station. The
types of dominant organisms varied with the season at
each sampling station. Although several organisms were
numerous during one season it did not mean that they
remained dominant during the entire year. The number
of invertebrates collected per square foot of sampling
area was also different depending upon the season. The
total number of organisms collected per square foot of
sampling area was greatest in the spring followed by
the fall season. At the Chippewa station the fewest organisms were collected in the winter where samples were
obtained for three seasons.
Table 1 indicates that the biplate substrate sampler
used in this study was effective in the analysis of these
differences. The effectiveness of substrate sampling as
compared to other sampling methods is illustrated in
Table 2. At every station during the spring invertebrates
were picked from available natural substrate ( vegetation, logs and rocks). Twenty bottom samples were also
taken at each station with a Peterson dredge. More types
of organisms were collected and much less time and
energy was spent using the substrate method of sampling.
One of the most striking environmental differences between the Chippewa and Mississippi River was that of
methyl orange alkalinity. Table 3 shows the average alkalinity for each season at each sampling station. During
the study the average methyl orange alkalinity values in
the Mississippi River ranged from 164 mg/ 1 during the
fall season at the Pepin station to 136 mg/ 1 in the
spring at the Mississippi sampling station. The Chippewa
station, located in the Chippewa River, produced alkalinity readings ranging from 64 mg/ 1 in the fall to 48
mg/1 during the spring. This indicates that the Mississippi River is a "hardwater" river compared to the Chippewa. Kendeigh (1961) states that "hardwater" streams
have a larger and more varied fauna than do "softwater"

TABLE 2. A qualitative comparison of invertebrates collected
during the spring on the substrate sampler as compared to a
Peterson dredge and natural substrate.
Organisms

Peterson
Dredge

Aquatic Earthworms
Ophidonais
Slavina
Stylaria

Substrate
Sampler

Natural
Substrate

+
+
+

Aquatic Sow Bugs
Asellus

+

+

+

+

+

+
+
+

+
+

Flatworms
Planaria

+

+

Hydrozoans
Hydra

+

+

+
+
+
+

+
+
+
+

Blackflie.1·
Simulium
Caddis Flies
Agraylea
Cheumatopsyche
Hydropsyche

+

Mayflies
Heptagenia
Heptercloeon
Isonychia
Tricorythodes

+
+

Midges
Calopsectra
Cricotopus
Hydrobaenus
Polypedilum
Tendipes

+
+
+
+
+

+
+

Scuds
Gammarus

+

+

Snails
Physia

+

+

+

+

+
+
+

Stoneflies
Perlesta

+

Waier Mites
Leberta

+

+

TABLE I. The percentage of samplers with dominant organisms collected during the fall and spring sampling seasons.
Percentage of samplers
with dominant organisms
during the fall season
Dominant Organisms

Black flies
Simulium .. .... . . ..... . .. . ... .
Caddies flies
Agraylea ..................... .
Cheumatopsyche .. . ........... .
Hydropsyche ....... ... ... . .. . .
Hydrozoans
Hydra ..... . .. .. . .. . .. ....... .
Midges
Cricotopus . ............. . .... .
Hydrobaenus ................. .
Tendipes .......... . .. .. . . . . .. .
Scuds
Gammarus .... . . .. .. . ........ .
Snails
Physia ................ . . ..... .

Pepin
Station

Mississippi
Station

Percentage of samplers
with dominant organisms
during the spring season
Chippewa
Station

Pepin
Station

Mississippi
Station

Chippewa
Station

17%

17 %

50%

100%

83 %
100%
50%

17 %
100%
100 %

100%
100%
83%

83 %
17%
17%

83 %
83 %
67%

17 %
100%
100%

67 %

33%

100%

17%

17%

17 %

33 %

33 %
83 %
17 %

83%

83%

100%

100 %

17%

100%

67%

33%
83%
17%
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67%

67%
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TABLE 3. The average methyl orange alkalinity values (mg/ I of
CaCOa) for each station during each sampling season.
Station

Fall Season

Winter Season

Spring Season

Chippewa
Pepin
Mississippi

64 mg / I
164 mg / I
158 mg/ I

68mg/ l
150 mg / I
160 mg/ I

48 mg/ I
139 mg/ I
136 mg/ I

streams. In this study the difference does not appear to
be significant.
Slight pH variation was apparent between rivers and
little difference occurred between seasons. The average
pH values in the Mississippi, which was more alkaline,
varied from 7.3 to 8.0 while the Chippewa River ranged
from 7.2 to 7.8 during the study.
Table 4 illustrates that both rivers contained the greatest amount of dissolved oxygen during the spring followed by the fall and winter seasons respectively. During
the winter there was little difference between the dissolved oxygen concentration of the ice covered Chippewa
as compared to the partially open water of the Mississippi River. Each dissolved oxygen value represented in
the table is the average of four ambient water samples
as well as the sample taken from the polyethylene bag
attached to the anchor ( cf. Fig. 2).
TABLE 4. The average oxygen values (mg/I) for each station
during each sampling season.
Station

F all Season

Winter Season

Chippewa
Pepin
Mississippi

7.3 mg/ I
6.7 mg/ I
6. 5 mg/ I

5.1 mg/I
5.4 mg/ I
5.2 mg/ I

Spring Season

10.1 mg/I
8.7 mg/ I
7.4 mg/ I

In each instance the temperature readings, which were
taken vertically, showed little difference between the surface and the bottom of the streams. No important temperature differences were apparent between the two rivers
during the same season. Striking temperature changes
did appear, however, between seasons. In the fall. the
temperature averaged 12°C in the Mississippi and 13.5°C
in the Chippewa River. During the winter the water temperature averaged 5°C in the Mississippi River and
5.3°C in the Chippewa. It was at this time that the smallest number of invertebrates were collected. In the spring,
when the greatest number of invertebrates were collected,
the water temperature averaged 21.5 ° in the Mississippi
and 20.5°C in the Chippewa River. A direct relationship exists between the water temperature and the number of organisms collected.
The variation in current flow between each station and
also between seasons appeared slight. The average current flow for all three seasons at the Chippewa station
was 0 .8 ft. / sec. In the Mississippi River the average at
the _Pe~in station was 0 .3 ft. / sec. and at the Mississippi
station 1t was 0.4 ft. / sec. In all cases the current velocity
was slowest during the winter and fastest in the spring.
For example the current flow at the Mississippi station
during the winter was 0.3 ft. / sec. while in the spring
0.7 ft. / sec. was recorded. It is not known what effect
these slight current variations had on the distribution of
organisms among the three stations.
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The degree of turbidity, as determined with a Secchi
disk, also varied seasonally. The average depth at which
the Secchi disk could be seen during the fall and spring
varied from about 38 inches at the Chippewa station to
48 inches at the Pepin station. The water was clearest
during the winter with extreme readings varying from 48
inc~es at th~ Chipp_ewa station to 103 inches at the Pepin
station. Sed1mentat1on of suspended material on the substrate sampler, which might hinder invertebrate colonization, did not occur in either river at any time during
the study.
Analysis of Results
In the riffle portion of clear streams the greatest variety of species is present and the largest biomass is
found (Ruttner, 1963 : Brewer, 1964). It is here that
organ_isms are easily sampled by conventional sampling
techniques. In stream areas, like those sampled in this
study, benthic communities are limited by lack of substrate. By providing natural substrate, in the form of a
substrate sampler, a more complex community will be
obtained as drift organisms attach and estabtish themselves. The morphological and physiolooical features
which enable an organism to be a commu~ity dominant
on the substrate sampler may differ from those needed to
be a dominant in the natural community of the area. It
is thus assumed that in the natural community the dominant organisms are somewhat different from those described in this study. The efficiency and value of the substrate sampling technique seems to exceed that of other
methods tried (collections made from natural substrate
and with a Peterson dredge) in areas where little natural
substrate is available.
The drifting invertebrates collected on the substrate
samplers are important in evaluating not only the ecological conditions of the sampling area but also the conditi?ns upst_ream. The Pepin station and the Chippewa
station, which showed the greatest community differences, were populated by organisms coming from Lake
Pepin and the main channel of the Chippewa River respectively. The former represents a rather typical lake
environment and the Chippewa River a fast moving
stream. These sources seem quite different and probably
explain the extreme variations in community dominant
organisms.
1:he dominant invertebrates found at the Mississippi
stat10n represented a blending of the dominant organisms
at the Pepin station and the Chippewa station. Thus, the
organisms appear to drift downstream forming a mixed
community as the rivers merge. It is quite possible that
each tributary flowing into the Mississippi River contributes a certain amount of drift organisms which are
able to survive as members of a downstream community.
Water pollution in both the Mississippi and Chippewa
River upstream from the area of study has created areas
that are virtually "biological deserts." In many areas unbalanced communities are present (Rademacher, 1964:
Schraufnagel et. al. , 1964) . In these, organisms which
require a relatively high oxygen concentration are absent,
Usually in clean water areas there exists a large assortThe Minn esota A cademy of Science

ment of organisms which fall into many taxonomic
groups (Schraufnagel, et al., 1964). During the present
study a large variety of invertebrates including caddis
flies, mayflies and stoneflies were taken from each station. In general a population containing a good representation of caddis flies, mayflies and stoneflies is indicative of a clean water area (Gaufin and Tarzwell, 1956).
With an increase in organic pollution the oxygen concentration in an aquatic area drops. Certain invertebrates
require more oxygen than others. Representatives of the
family Hydropsychidae, considered pollution sensitive,
have been able to survive dissolved oxygen concentrations slightly less than 3 .0 mg/ 1 ( Gaufin and Tarzwell,
1956). In the polluted areas of the Mississippi and Chippewa Rivers, upstream from the area of study, the oxygen values were considerably below this point (Rademacher, 1964; Schraufnagel et al, 1964). In the present
study the average oxygen concentration never dropped
below 5. 1 mg./ 1. From the data gathered it is concluded
that unpolluted conditions existed at all stations during
the study.
Conclusions

1. The biplate substrate sampler proved to be efficient
and successful in gathering components of different aquatic communities present in different lotic areas.
2. At every station the most numerous or dominant
organisms changed from season to season indicating the
communities were under seasonal flux.
3. The upstream environment of Lake Pepin, representing a widening of the "hard water" Mississippi River
(M.O. alkalinity) , contributed different kinds of organisms to the stream, then were carried by the relatively
"soft water" (M.O. alkalinity) flowing down the Chippewa River.
4 . A blending of drift organisms form the Mississippi
and Chippewa Rivers formed the dominant populations
comprising the downstream communities observed on the
samplers. Some of the upstream dominants lost their
status and were much less common on samplers below
the confluence.
5. By the criteria used in this investigation water pollution was not noticeable in the area of study.
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